Building soil health for sustainable agriculture systems by Al-Kaisi, Mahdi
Proceedings of the Integrated Crop Management
Conference
Proceedings of the 27th Annual Integrated Crop
Management Conference
Dec 1st, 12:00 AM
Building soil health for sustainable agriculture
systems
Mahdi Al-Kaisi
Iowa State University, malkaisi@iastate.edu
Follow this and additional works at: https://lib.dr.iastate.edu/icm
Part of the Agriculture Commons, Agronomy and Crop Sciences Commons, and the Soil Science
Commons
This Event is brought to you for free and open access by the Conferences and Symposia at Iowa State University Digital Repository. It has been
accepted for inclusion in Proceedings of the Integrated Crop Management Conference by an authorized administrator of Iowa State University Digital
Repository. For more information, please contact digirep@iastate.edu.
Al-Kaisi, Mahdi, "Building soil health for sustainable agriculture systems" (2015). Proceedings of the Integrated Crop Management
Conference. 30.
https://lib.dr.iastate.edu/icm/2015/proceedings/30
  2015 Integrated Crop Management Conference - Iowa State University — 157
Building soil health for sustainable agriculture 
systems
Mahdi Al-Kaisi, professor and Extension soil and water specialist, Agronomy, Iowa State 
University
Introduction
The benefits of a healthy soil in sustaining crop production are most evident when growing conditions 
are less than ideal. Healthy soils increase the capacity of crops to withstand weather variability including 
short term extreme precipitation events and intra-seasonal drought (Al-Kaisi et al., 2013). The extreme 
drought in 2012 (Rippey, 2012) resulted in variable yield reduction to corn and soybean production in 
Iowa with the worst impact on fields with conventional tillage systems (i.e., chisel plow, deep ripping, 
etc.). Increasingly highly variable weather conditions present increased risks to crops and require more 
careful attention to conservation planning so as to mitigate impacts on soil health and crop productivity. 
Soil health is defined by the level to which it is able to continually provide complex and multiple 
functions as a living ecosystem and has the capacity to sustain plants, animals, and humans (Doran 
et al., 1996). The complex biological, physical and chemical interlink of a healthy soil can influence 
plant available water under dry conditions, off-field nutrient loses to nearby streams during rain events 
and nutrients availability through nutrient cycling for food and fiber production. Furthermore, healthy 
soils maintain or enhance water and air quality through the improvement of soil C storage and water 
infiltration, and support human health and wildlife habitat. 
Soil management practices, cropping systems, and weather conditions influence soil biological, physical, 
and chemical properties. Therefore, a healthy soil that is well managed can increase soil water infiltration 
and storage, storage and supply of nutrients to plant, microbial diversity, and soil carbon storage (Al-Kaisi 
et al., 2014). Soil organic matter (SOM) is a central soil property that is heavily affected by management 
practices, which in turn influences soil physical, biological and chemical functions. The relationships 
between soil organic matter and management inputs such as tillage and cropping systems can be 
documented through the evaluation of soil health indicators (Figure 1). Those indicators reflect the level 
of response of the soil system to different management inputs. Field and laboratory evaluation of these 
different indictors can aid in fine tuning management practices to optimize soil biological, physical, and 
chemical functions.
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Figure 1. Soil health indicators and systems inputs.
The central soil property that influences soil functions is organic matter. The organic matter component of 
the soil system is only a small fraction of the top soil horizon (ranging from 1-5% or greater by dry weight 
depending on the soil type and other formation factors), but essential for the soil physical, biological, and 
chemical functions and general soil ecosystem services (Lehman et al., 2015). It was argued by Lehman 
et al., 2015, that some of the key services for production agriculture are: nutrient provision and cycling, 
pest and pathogen protection, production of growth factors, water availability, and formation of stable 
aggregates to reduce the risk of soil erosion. However, these functions are sequentially influenced by each 
other starting with organic matter as the building block for the well linked functions (Figure 2).
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Figure 2. System approach for building soil health and productivity.
System management and soil health
The increased use of intensive tillage and other management practices in row crop production systems 
can increase soil erosion, reduce soil health and water quality, and the capacity to achieve sustainable 
agricultural production systems. Soil erosion is always associated with tillage intensity, especially during 
the spring season when soils are most vulnerable to water erosion due to lack of vegetation or residue 
cover to protect the soil surface from high rain intensity. Many factors contribute to this problem, but 
tillage is the prime contributing factor. Soils under modern production agriculture have lost significant 
amount of their carbon pool because of erosion, decomposition, and leaching (Lal, 2015). The magnitude 
of soil organic carbon (SOC) loss from cultivated soils in the Midwest, USA is estimated to be in the range 
of 30% to 60% of the amount present under virgin soil conditions since the conversion from prairie 
system in late 1800s (Fenton et al., 2005; Iowa Association of Naturalists, 2001), 15 Mg/ha (13,390 lb/
acre) in China (Song et al., 2015), and much more in other parts of the world. This loss in soil organic 
matter by cultivation is in part caused by the oxidation of organic matter and CO2 release (Al-Kaisi and 
Yin, 2005) in addition to losses through surface runoff and soil erosion. According to Fenton et al (2005) 
changes in land use or management variables result in a quasi-equilibrium, which adjusts the system to a 
new level. Lal (2015) argued that in order to form a good understanding of the magnitude of the effects of 
tillage on soil ecosystem services and its sustainability; we must address the following questions: 
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1. Does the conversion from conventional tillage (i.e., plow) to conservation agriculture (CA) (i.e., No-
tillage plus other conservation practices) increase SOC?
2. Can land use and management system create positive SOC input?
3. Is CA a viable option for increasing the SOC pool?
4. What policy intervention may facilitate the adoption of best management practices of land use and 
soil/crop management (Hammon 2009)?
5. What makes sense in the application of CA to achieve long-term sustainability of agroecosystem?
In addition to those important questions, we may entertain additional thoughts and benefits that can be 
derived from the adoption of CA: The provisioning services, the economic benefits and reduction in input 
cost for farmers (Al-Kaisi et al., 2015), the water quality and erosion reduction (Zhou et al., 2009), and 
other supporting ecosystems services. Robinson et al (1996) estimated that the conversion of row-crop 
systems to 4-year rotations had the potential to replenish as much as 30% of the total SOM lost since 
cropping began in Iowa. Many producers in the US and elsewhere have voluntarily adopted conservation 
management practices that lessen the negative impacts of agricultural activities on the environment and 
also improve productivity. The outcome has been significant over the past few decades, with benefits in 
increased crop productivity, more efficient use of time and equipment, and a reduction in soil erosion 
(Zhou et al., 2009). However, the current sheet and rill soil erosion level stands at approximately 5 tons/
acre, and in some areas this figure can be exceeded by 10-fold or more, especially when ephemeral gullies 
are considered. This presents a continued challenge to sustain any effort of implementing and targeting 
conservation practices; especially in the most sensitive areas to minimize soil erosion and its impact 
on soil and water quality. The current climate challenges coupled with commodity prices presents an 
opportunity for farmers to examine an integrated approach to conservation agriculture that will enhance 
soil and water quality and economic viability through reduction in input cost (Al-Kaisi et al., 2015; Karlen 
et al., 2013). 
Soil management practices that protect soil health are not only economically and environmentally 
necessary (Al-Kaisi et al., 2015; Vyn et al., 2000; Katsvairo and Cox, 2000), but the right approach to 
sustain and increase soil resiliency. This can be achieved by adopting conservation plans that are practical, 
site specific and an integral component of the overall agriculture production system to achieve intended 
objectives. These conservation plans would include no-tillage and reduced tillage (i.e., strip-tillage), 
which leave post-harvest crop residue to cover the soil surface. In addition, many soil conservation plans 
include practices such as cover crops, the construction of grass waterways, terraces, buffer strips and 
pasture erosion control systems with manure application and soil testing. Conservation planning and 
implementation need to be carefully considered as a solution to reducing potentially negative impacts 
of row cropping systems on soil and water quality (Baker et al., 2006; Hansen and Ribaudo, 2008). 
Consideration of site specifics and the objectives of implementation should be included in the planning 
process. Finally, the system approach to conservation must include nutrient loading and sediment 
reduction plans as effective measures to protect soil and water quality. 
Crop residue and cover crops management for healthy soils 
Crop residue and cover crops play significant roles at several levels for soil conservation and 
sustainability. One of the functions of crop residue is the physical protection of the soil from potential 
erosion during intense rain events by reducing the impact and kinetic energy of rain drops on the soil 
surface to facilitate water infiltration and a slow movement of water in the field. Crop residue and cover 
crops also protect the soil from the erosive power of wind during times of high wind and dry conditions 
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(James et al., 1994), and provide many other ecosystem services (Jensen et al., 2012). Reducing soil 
erosion and increasing the time opportunity for water to infiltrate through the soil profile for better water 
recharge of the subsoil can maintain crop yield during drought events (Al-Kaisi et al., 2014). The value of 
crop residue in arid and semi-arid climates is in stabilizing and enhancing yield and improving water use 
efficiency (Rockstrom et al., 2009). The ecosystem services provided by crop residue (Figure 3) include 
physically protecting the soil surface and the subsequent benefits of replenishing SOC, improving soil 
structure, and nutrient cycling. The management of crop residue has significant effects on those benefits 
and functions that are essential to soil health. For example, the removal of crop residue for any use can 
accelerate the risk of soil erosion, depletion of SOC (Guzman and Al-Kaisi, 2014), reduction of soil 
quality such as, aggregate stability, water infiltration, and increase in bulk density (Guzman and Al-Kaisi, 
2011; Blanco-Canqui and Lal, 2008). 
The effectiveness of crop residue in achieving these goals depends on how residue is managed, which 
starts during harvest by cutting corn stalks for example at a minimum height of 12 inch above-ground. 
The upright in-situ residue can be very effective in trapping snow and the slow down water movement 
in the field during snow melts or rain events (McMaster et al., 2000). Residue should be kept intact to 
increase its effectiveness. Shredding or chopping residue for the purpose of covering the soil surface can 
be counterproductive. This practice reduces the effectiveness of residue in trapping snow, slowing down 
water movement across the field, and increases the potential of residue being washed away with high 
intensity rain. Therefore, the practice of shredding or chopping crop residue reduces its ability to reduce 
soil erosion as well as sediment and nutrients loss during rain events.
Figure 3. Crop residue and cover crops for improving soil health functions and nutrient cycling.
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Cover crops after harvest can be essential component along with crop residue to improve soil health 
through the reduction in soil erosion, improvement of soil structure, and enhancement of soil organic 
matter (Aguilera et al., 2013). It was documented in a 12-yr study in Illinois, USA that cover crops can 
have positive effect under NT by increasing SOC down to 75 cm soil depth (Olson et al., 2014). The 
combination of both crop residue and cover crops can have additional benefits in reducing nutrients loss 
by reducing surface runoff, especially early in the growing season, where the soil is most vulnerable for 
lack of significant canopy cover and the exposure of the bare soil surface to rain events. The importance 
of cover crops had been overlooked since 1960 as a component of the production system for nutrient 
input due to the availability and affordability of chemical fertilizers (Lal, 2015). The current emphasis 
on cover crops in the past decade or two is driven by the environmental challenges associated with row 
cropping systems. Climate variability has magnified the challenge especially where soils are exposed to 
weather conditions without physical protection, coupled with the intensity of tillage, which accelerates 
both soil erosion and water quality deterioration. The benefits of cover crops include protecting the 
soil from excessive dryness to prevent cracks and fractures at the soil surface, thus improving soil water 
storage, soil microbial community, nutrient cycling and uptake by plants, the reduction of soil erosion 
during rain events, and sediment loss (Aiken et al., 2003; Pretty 2008; Wilson et al., 1982). Cover crops 
increase water storage by reducing evaporation and increasing water infiltration, which is an important 
outcome for agriculture systems in dry and semi-dry regions (Pretty 2008; Lal et al. 1979). Reduction 
in evaporation from soil surfaces occur if the cover crop is left on the soil surface as mulch. The best 
protection against moisture loss and wind erosion is a good protective cover of growing plants and plant 
residue. The value of cover crops and residue as components of conservation systems such as no-tillage or 
strip-tillage can have great impact on increasing soil organic carbon and its contribution to increase water 
storage (Figure 4) (Al-Kaisi et al., 2014).
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Figure 4. Correlation between averages soil moisture content and SOC content of 10 years long-term five tillage 
systems in corn-soybean rotation study (Al-Kaisi et al., 2014).
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Integrated approach for building soil health
The integration of different components in managing conservation agriculture systems is essential for 
optimizing soil biological and physical functions. The performance of conservation systems such as no-
tillage for example, showed a wide range of outcomes in improving soil health, ecosystem services, and 
productivity (Guzman and Al-Kaisi, 2014; Lal, 2015). The limitation and uncertainties of CA (Lal, 2015) 
can be addressed through careful planning and consideration of certain process that will help in achieving 
successful outcomes. Some of the main considerations that can be valuable in reducing the limitations or 
constraints associated with CA include, but not limited to the following: 
1. Careful planning for implementing the intended conservation system (CA) and the consideration of 
site and regional specific constraints to achieve goals of the CA system. These conditions include soil 
type, drainage class, topography of landscape, and climate conditions particularly in the Midwest, 
where humid and sub-humid weather conditions are dominant.
2. Selection of a suitable tillage system such as no-tillage or strip-tillage that is appropriate for site 
or region specific conditions, as essential parts of the CA system to minimize the productivity and 
environmental constraints to the system. In these two systems (no-tillage and strip-tillage) a specific 
management practice such as residue management is essential to reduce the effects of cold soil 
temperatures on plant germination early in the spring (Licht and Al-Kaisi, 2005).
3. Proper implement attachments such as residue cleaners and combine calibration during harvest to 
ensure uniform residue distribution for optimum management of the selected tillage system. These 
considerations can optimize soil conditions such as soil temperature through proper management of 
crop residue (residue managers/wipers) for uniform plant stand (Kaspar et al., 1990; Licht and Al-
Kaisi, 2005).
4. Selection of cropping systems (i.e., crop rotations) that sustain soil and improve soil functions 
(physical, biological, and chemical properties), sustain productivity, and enhance environmental 
quality. These attributes need to be balanced with the economic viability of the systems. The mono 
cropping system (i.e., continuous corn) has been documented to be unsustainable economically and 
in productivity even with the best soil conditions (Al-Kaisi et al., 2015). 
5. Sustainability of nutrient management programs through careful seasonal assessment that ensure 
adequate nutrient supply to the plants for optimum grain yield and biomass production for 
replenishing soil organic matter and enhancing microbial biodiversity (Mikha et al., 2012; Al-Kaisi et 
al., 2005).
6. Well planned management operations that will minimize soil compaction by rethinking implement 
design and timing of operations to help reduce the random travel on field for traffic control to 
improve soil structure (Hanna and Al-Kaisi, 2009). The consideration of soil moisture conditions 
is essential to reducing soil compaction during planting, improper seed depth, and side-wall 
compaction resulting during planting in high soil moisture conditions. Soil compaction, which has 
negative effects on soil structure and its associated potential to increase surface runoff, is a significant 
factor in yield reduction (Fenton et al., 2005).
7. Proper timing of field operations at appropriate moisture conditions (at or below field capacity) 
for fertilizer application, weed, pest and disease control, and harvest. A major challenge with any 
management system is its proper timing to achieve desired outcomes.
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Summary
The benefits of healthy soils in sustaining crop production are most evident when growing conditions are 
less than ideal. Healthy soils increase the capacity of crops to withstand weather variability and short term 
extreme precipitation events and intra-seasonal drought. Soil health functionality is highly influenced by 
soil organic matter, a central soil property that influences soil physical, biological and chemical functions. 
The interrelationships between soil organic matter and management inputs such as tillage and cropping 
systems can be documented through the evaluation of soil health indicators of biological, physical, and 
chemical properties. Best management practices that build soil health and sustain productivity are many 
and can lead to better ecosystem and societal services. The implementation of such practices should be 
considered on regional and site specific basis. Site specific adoption of different tillage and conservation 
practices integrated within the overall production system can effectively increase crop productivity and 
soil ecosystem services. These conservation practices include, but not limited to no-tillage, strip-tillage, 
cover crops, perennials, grass waterways, terraces, buffer strips, and other measures for erosion control. 
A systems approach to conservation management of row cropping systems is important to enhance soil 
health and improve water quality. Conservation practices should be an integral and essential component 
of nutrient reduction loss, sediment and nutrient loading plans, as an effective solution to building soil 
health and improving water quality.
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